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muchcould feasible reductionsin projectedrates
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Thus there is little basis for theview that the
South couldcontributeto major reductionsin
global warning by taking new and stronger steps
to reduceits population.
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eirmissions
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overallglobal strategyto reduceemissions.
The implicationof the cost analysisis
simple:The globalnegativeexternalityrepresentedby rapidpopulationgrowthin developing
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developedcountries,in their own interests,to
financeprogramsthat would reducepopulation
growthin developingcountries.This is trueeven
though feasiblereductionsin populationgrowth
would representonly a modestcontributionto
reducinggreenhousegas emissions.Spendingto
reducerates of populationgrowthin developing
countriesmakessense as part of any optimal
carbonreductionstrategy.
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Introduction and Summary
There is considerable popular concern that world population growth is a critical contnbutor
to the emissions of greenhouse gases and thus to the potential for global warming. The accumulated
stock of greenhouse gases now in the atmosphere is almost wholly the responsibility of developed
countries, where increases in emissionshave been associated largelywith industrializationand income
growth, and not with population growth, which has been low in the last few decades. However,
annual flows of emissions are increasing more slowly now in the developed countries, whereas in
developing countries annual flows are increasing rapidly and are likely to continue to increase at a
rapid rate, due to the combination of expected per capita income growth with continuing high rates
of population growth.
This paper addresses two questions: First, how much could feasible reductions in projected
rates of population growth in the developing countries contnbute to reductions in greenhouse gas
emissions? Second, what would be the cost of ensuring such reductions in population growth, relative
to the cost of other options for reducing emissions?
The answer to the first question is that reductions in population growth would matter

-

but

could not be key to achieving a levelling off of emissions, let alone a reduction in them. Feasible
reductions in population growth rates could reduce fossil fuel emissions by about 10 percent by the
year 2050. Based on econometric estimates linking population growth to deforestation, feasible
reductions in population growth could reduce emissions from deforestation (relative to what they
otherwise would be) by about 6 percent over the next 35 years. The percentage reductions, though
substantial, are small relative to projections of a tripling of emissions in the next 50 years under any
baseline scenario.
This conclusion will appear surprising in the light of analyses such as Bongaarts (1992), who
concludes: 'The role of population growth as a determinant of the projected rise in CO2 emissions
1

appearsto be substantial. It accountsfor 35 percent oi the globalincreaseand for 48 percent of the
growthin LDCs between 1985and 2100." (pp. 11-12) However,the apparent differencelies only
in the startingpoint. Bongaartsestimatesthe amountof future emissionsto be accountedfor by all
of projectedfuture populationgrowth. The questionin thispaper is not whatdifferenceelimination
of all future populationgrowthwould make, but what differencefeasiblereductionsfrom current
projectionsof populationgrowthwould make.'
There is, therefore, only a limited basis for adding the specter of global warmingto the
2 , and there is
argumentsin favor of reducingrapid populationgrowthrates in developingcountries

little basis for the view that the south couldcontnbute to major reductionsin global warmingby
takingnew and stronger steps to reduce its populationgrowth.
The secondquestion,regardingcosts, arises for the followingreason. The effectsof more
people on globalgreenhousegas emissionsare probablythe most obviousexampleof a case where
rapid populationgrowthin developingcountriesmay representa negativeexternalityat the global
level, that is rapidpopulationgrowthin one countryor set of countriesmayimposecosts on other
countriesbeyondanycosts it imposeson the countrieswhere it is occurring. This externalitycould
providea new and important rationale for developedcountries,in their own interests, to finance
programs that might reduce populationgrowth in developingcountries - independent of such
traditionalrationalesas improvingthe welfareof the poor in developingcountries,or improvingthe
likelihoodof more rapid economicgrowthin developingcountriesso as to ensure for developed

As explainedbelow, zero populationgrowth in developingcountries is not demographically
possiblefor at least 50 years,even were fertilityto fall immediatelyto replacementlevel (itself also
a virtualimpossibility).
2 There are in anyevent other morecompellingreasonsfor concernwith rapidpopulationgrowth

in developingcountries,in particularthe likelihoodthat high fertilityamongthe poor deepensand
prolongsthe battle againstpoverty,and the possibilitythat rapidpopulationgrowth,particularlyin
poor countries,exacerbateslocalenvironmentalproblems.
2

countries more stable and reliab.e trading partners. Such financingmakes sense if programsto
reducepopulationgrowthare cost-effectivein termsof the specificgoal of reducedglobalemissions,
con,paredwith alternativeapproachesto reducingsuch emissionsover the next 50 to 100years.3
Estimatesof the costs of reducingemissionsthrough lower populationgrowthcome from
evidenceon the effectsof educatinggirlson their subsequentfertility,and on the effectsof family
planningserviceson fertility. These estimates-- in the rangeof $3 to $11 per ton of reducedcarbon
emissions-- suggestthat the costs are wellworth the benefits. This is so even though the benefits
are relativelysmall,simplybecausethe cost of comparablereductionsin emissionsvia, for example,
carbon taxes,is higher.

In Section 1, the two mechanismsthroughwhichpopulationgrowthin developingcountries
contributesto greenhousegas emissions,namelyfossilfuel emissionsand deforestation,are set out.
Availableinformationis summarizedon the flow of emissionsand on the accumulatedstock of
enmissions,
distinguishingbetweendevelopingand developedcountries. In Section2, the effectsof
feasiblelower rates of populationgrowth in reducingfossil fuel emissionsand deforestationare
path of emissionsis compared
estimate? For fossilfuel emissions,a referenceor "business-as-usual"
to a path of emissionsbased on lower rates of populationgrowth in developingcountries,using
alternative World Bank population projections. An estimate of the effects of the alternative
projectionsof reduced populationgrowth on reduced deforestationis also presented, based on
estimatedelasticitiesfrom selectedwithin-ountry studies. In Section 3, estimatesof the cost of

3

Whethersuchexpendituresare cost-effectivefor reducingemissionsor not, there wouldobviously
continueto be other rationalesfor financingpopulationprograms.Insofaras suchprogramsimprove
welfare in developingcountries at low cost, local as well as internationalfinancingis obviously
justified. Birdsalland Griffin, 1991,make the point that irrespectiveof the motivefor financing
populationprograms,the content of such programsmust be welfare-enhancingfor the poor in
developingcountries,if the programsare to be effectivein reducingfertility.
3

reducingemissionsare presented and comparedtc the likelycosts of reducingemissionsthrough
spendh', -n familyplanningand on educatinggirls. A concludingsectionsummarizesthe finaings.

Section 1. PopulationGrowthand GreenhouseGas Emissionsin DevelopingCountries
There are two principalmechanismsby whichpopulationgrowth in developingcountries
contributesto the potentialfor globalwarming.The firstis throughthe effect of a larger population
at a givenper capita incomeon fossilfuel emissions,as a resultof increaseddemandfor energyfor
power,industry,and transport. I refer here to a simplearithmeticeffect of more people, holding
constantper capitaincome. (It ispossibleof coursethat populationgrowthaffectsper capitaincome;
recent cross-countryanalysisindicatesthat higher populationgrowthis associatedwith lower per
capita income growth in the 1980-85period, with a greater negative relation for low-income
4 But for simplicityand given that the effect of higher per capita incomeon per capita
countries.

emissionsitself varies by income level, as will be seen below, this complicationis ignored in the
computationsbelow.')
The secondmechanismbywhichrapid populationgrowthmaycontnbute to greenhousegas
emissionsis throughwhatevereffect such growthhas on deforestationwith its associatedemissions
of carbon. The empirical evidence on how population growth in developingcountries affects
deforestation,either independentlyor by interactingwith and exacerbatingthe effectsof poverty,
poor land security,and poor governmentpolicies,is availableonlyfor a few settingsover a few time
I Branderand Dowrick(1991);Bloomand Freeman(1987). The negativerelationis not found in
earlier (postwar) periods, probablybecause per capita income growth was associatedwith rapid
mortalitydecline as well as rapid fertilitydecline. With overallmortalitylevelsrelativelylow now in
most countries,the negativerelationshipbetween incomegrowthand populationgrowthmay now
more closelyreflect a negativerelationshipof incomegrowthto fertility.
I Despite the evidencefor a simplebivariatenegativeassociation,the literatureon the effectsof
rapid populationgrowthon economicgrowthand developmentremainscontroversial.For extensive
reviews,see Birdsall1988;Birdsall,1989;Kelley,1988;Simon,1989;NationalResearchCouncil,1987.
4

periods, and can only be aggregatedat the levelof developingcountriesas a group usingstrong and
rather crude assumptions.' The attempt set out belowshouldbe regarded as a first effort, done
primarilyto providesome basisfor comparingthe potential benefitsof reduced populationgrowth
via reductionof fossilfuel emissionvs. reductionsin the rate of deforestation.
Table 1 showsshares of population,GDP and estimatedshares in annual flowsof carbon
emissionsfor variousgroups of countriesin 1988.' The current share of developingcountriesin
annualflowsof fossil-fuelbased carbonemissionsis about 20 percent,' and in carbon emissionsdue
to deforestationis about 95 percent. Fossilfuel burningto meet increasedenergydemandaccounts
for almost 80 percent of carbon emissions9;because deforestationcontrioutesmuch less to total
emissionsthan fossil fuel emissions,the combinedtotal share of developingcountriesin annual
emissionflowsis low despitethe deforestationphenomenon,about 33 percent. With onlyabout 15
percent of total worldpopulation,the developedcountries(excludingthe SovietUnion and E'Astern

'For a recent reviewof the effectsof populationpressureon deforestation,includingcase studies
in four developingcountries,see Cruz, 1991.
' Most availabledata and projectionsof emissionsdeal with carbononly, and so the discussionin
Section2 is basedon carbonemissionsonly. Carbonemissionscompriseabout 50 percentof current
emissionsof all greenhousegases,and this percent is likelyto increase as emissionsof CFCs are
controlled. Ogawa,1991,cites EPA data in statingthat CO2 is estimatedto have been responsible
for 66 percent df the incrementalgreenhouseeffect between 1880and 1980,and 49 percent during
the 1980s.
I This is also the figure used by Ogawa(1991,Table 1). He estimatedit on the basisof energy
consumptiondata publishedby the InternationalEnergyAgencyand BritishPetroleumCompany.
' This number is based on total emissionsof 5.9 billion tons from fossil fuels (Table 2) plus
emissionsof 1.6billiontons from deforestation.The latter figureis based on unpublishedestimates
developed by Robert Schneider of the World Bank. He revised 1987 estimates of Houghton,
publishedin WorldwatchInstituteState of the World,usingmorerecent 1989estimatesof Houghton
on deforestationand adjustingHoughton's 1989estimateto take into account 1990data showing
reduceddeforestationrates in Brazil(a majorcontributoramongall developingcountriesto emission
from deforestation). See World Bank, 1991(by Schneider)regardingthe latest Brazildata.
5

0 with the
Europe) account for more than 55 perent of annualtflowtof total carbon emissions,'

remaining12 percent accountedfor by Eastern Europe and the SovietUnion. However,the share
of developedcountriesin annual flowshas declinedsince 1969,while the shares of the two other
1
grcups have increased(not shown)."

Table 2 shows annual flowsof fossil-fuelbased carbon emissionsfor selected countriesin
absoluteand per capita amounts(1960and 1988),and in amountsper dollar of GNP (1987). The
countrydata showthat the large overallshare of the developedcountriesshownin Table 1 is due
to higherGNP and higherper capitaemissions. The reasonsfor the decliningshare of developed
countriesare apparent. First, per capita emissionsare risingfaster in developingcountries,whichis
not surprisingsince the base is much lower. Second,populationgrowthhas been more rapid in
developingcountries (about 2 percent over the period compared with less than 1 percent in
developed countries); even if per capita emissionshad not changed in either grcup, absolute
emissionswouldbe risingfaster in developingcountries.
of GNP in the developed
Third,as shownin Table 2 (last column),the "emissions-intensity"
countriesis lower than in developingcountries. Emissionsintensitieshave also been decliningin
developedcountries. In 1987,fossilfuel carbon emissionswere over 2,000gramsper dollar of GNP
in China'2 , 655 in India and 609 in Mexico,comparedwith 276 gramsin the U.S., 223 in (West)
'° The computationis as follows:(.52),the share of developedcountriesin total flowsof 5.9 billion
tons due to fossilfuel emissions(see Table 2) plus (.05), the share of developedcountriesin total
flowsof 1.6billiontons due to deforestationequals .553,the total share of developedcountriesin
annual flowsof total globalcarbonemissions.
"The share of fossil fuel emissionsof the United States, greater Germany,United Kingdom,
France,Japan, and Italyfel from 54 percent l 1960to 39 percent in 1988(Bodenet al., 1990).
'2 Income per capita in China would be much higher (perhaps three times) compared to
industrializedcountries,and higheralsocomparedto other developingcountries,if estimatedon the
basisof purchasingpower parityrather than usingconventionalexchangerates (whichfail to take
into account the lower costs of servicesand other nontradablesin low-incomecountries). The
appropriatecorrectionwouldmakeChinalook muchless profligatein emissionsper dollarof GNP -

6

Germanyand 156 in Japan. High emissionsper dol:arof GNP in developingcountriesis the result
of a combinationof factors. Developingcountriesare at an earlier stage of development,in which
the shift from agricultureto industryimpliesincreasinguse of energy per unit of value added; in
comparisonthe shift in developedcountriesfrom mdustryto servicesmayimplydecreasinguse of
energy. Withinthe envelopeof enerov used,developingcountrieshave shiftedless awayfrom coal
to cleaner but higher-costfuels, because they are less able to incur the higher costs and are less
concernedwith localair pollution. Withinthe envelopeof fuels used,developingcountriesare less
likelyto use newclean technologiesto reduceemissions,givenlower levelsof resourcesand of new
investments. Finally,developingcountriesare not as "efficient"in their use of energyas developed
countries,i.e. they are more likelyto be usingmoreenergythan is optimalfrom an allocativepoint
of view, due to underpricingof energy itself and of capitalin general, lack of competitionamong
major users of energy due to trade barriersand the monopolisticprotectionthat state enterprises
enjoy,insufficientincentivesat the firm levelto investin cleaner technologiesand so on.'
What matters for potentialglobalwarmingis the accumulatedstock,not the annual flows,
sincegreenhousegasesare retainedin the atmospherefor longperiodsand currentannualemissions
contribute relativelylittle to that stocLk" Over the last 30 years, the total contribution of the
developingcountries to fossil fuel carbon emissionsis certainly lower than the 1988estimated

-

particularlycomparedto Indiawithits warmerclimate- thoughstill at doublethe levelsin the U.S.

13For a useful discussionof differencesin fuel use and of the distortionstbh't may lead to
inefficiencyin energyuse in developingcountries,;ncludingunderpricing,lackof competitionbecause
of trade barriersand becausemanyproducersa` users of energy are state enterprises,see Bates,

1991.
14Eckaus,1991,points this out and notes that when stock matters and accumulatesslowly,the
conventionalprocedureof computingpresentdiscountedvaluesto assessthe significanceof a future
event makeslittle sense.
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contributionof 20 percent, sinceemissionshave been growingin absolutetermsfaster in developing
than developedcountries.
The implicationsare clear. Thoughthe developingcountriescontributeand have contributed
relativelylittle to emissions,especiallygiventheir largershare in worldpopulation,they are alsothe
likelysourceof a substantialpar4 cfuture growthin fossilfuel emissions,for the same reasonsthat
have caused their share in total emissionsto rise in the last severaldecades. Thair per capita fossil
fuel emissionsare still low but are likelyto risewith increasingincome. Their emissionsper dollar
of GNP are relativelyhigh;for variousreasonsnoted abovethey are still on the steep portion of the
curve that describesthe relationbetween per capita incomeand emissions. (Lower emissionsper
dollar of GNP for developedcountriessuggeststhiscurve risesat a decliningrate, and mayeven fail
above some level of income.) Fnally, they have had and will continue to have higher rates of
populationgrowth.
Table 3 showsestimatesof annualdeforestationfor the majorcountriesin termsof absolute
amounts of deforestation,and associatedestimatesof carbon emissionsfrom two sources. (The
differencesin the two sourcesprovidean indicationof the rtate of understandingand of data.) As
withfossilfuel emissions,it seemslikelythat emissionsdue to deforestationwillincreasefor the next
severaldecades in developingcountries. However,the absolute contnbutionof deforestationto
greenhouse gas emissionscannot increase indefinitely,simplybecause the forest base is being
reduced,and thus the share of globalemissionsdue to deforestationis likelyto decline in the long
run.

8

Section2. Effectsof SlowerPopulationGrowthon FossilFuel Emissionsand on Deforestation
Fossil .'uel Emissions
To examinethe effectsof " asible reductionsin populationgrowth rates on reductionsin
fossilfuel emissions,I use alternativepopulationprojectionsof the WorldBank. These are referred
to belowas the "standard"projectionsand the "rapid"projections,where the latter buildsin more
rapid fertilitydecline.'
Table 4 showsfor all developingcountries(includingChina,excludingEastern Europe and
the Sovi- Union)the differencesin populationgrowthrates and in total fertilityrates that underlie
projected population growth under the two scenarios, and the resulting projections of total
population. In the standard scenario(whichis similarto the "medium"projectionsof the Uniled
Nations),the total fertilityrate declinesfiom 3.62 for the period 1995-2000to 2.4 for the period
Fertilitydeclinesto replacementlevel (a total fertilityrate slightlyabovetwo) in most
20252050.16
developingcountriesin the firstdecadeor two of the next century;the transitionto replacementlevel
fertilityis virtuallycompletein all developingcountriesby the year 2050.
In the rapid fertilitydecline(hereafter rapid)scenario,fertilitydecline beginsin 1990in all
7 and declinesmore rapidly-- at a rate roughlyequivalentto 90 percent of the rate of
countries,"

I The basis for these projectionsis explained in detail in Bos and Bulatao (1990)and in Bos
(1991). The numbersused in this paper are based on preliminaryprojections(as of September,
1991). These may changeslightlybefore they are publishedin 1992.
The assumptionis that in all countrieswhere fertilityis alreadydecliningit willcontinueto do
so at the averagerate experiencedin the past for all developingcountries(0.6 reductionin the total
fertilityrate every 5 years). In countrieswhere fertilitydecline has not occurred,but where life
expectancyexceeds50, fertilitydeclineisalso assumedto start in 1990,initiallyat a somewhatslower
pace than in the frst set of countries. In countrieswhere,life expectancyis below50, fertilitydoes
not declineuntil that point in the future when life expectancyis projectedto reach 50; then decline
followsthe standardpatterm
16

17Fertflitydecline begins in 1990in the "rapid"scenario even in countries where current life

expectancyis below50 years.
9

decline in a set of countries where fertility decline has been rapid in certain periods between 1950
and the present. (For example,declines in the total fertilityrate of almost 0.2 per year have occurred
over 10-yearperiods in Colombia, Singapore, Korea and Thailand.) In other words, the assumption
is built in that all developing counLriescan achieve a rate of decline in fertility almost as rapid as that
already achieved by a select group in the past.
In the standard scenario, the population of all developing countries is projected to grow from
about 4 billion today (3.67 billion in 1985,the baseline year for the projections) to 10.6 billion in the
year 2100, and to stabilize by the year 2150 at 11 billion. The increase of more than 6 billion
between now and the year 2100 occurs despite the assumption built into these standard projections
that fertility willcontinue to decline in all developing countries (in the case of those countries, largely
in Africa, where no decline is yet discernible, the assumption is that fertility will begin to decline
before the year 2000). Under the scenario of rapid fertility decline, the population of developing
countries would still increase by almost 5 billion, going from 3.67 billion today to about 84 billion in
the year 2100, and would stabilize at a projected 8.67 billion by the year 2150.
Even with rapid fertility decline, the increase alone in population size in developing countries
over the next 100 years is expected to be substantial, exceedingin absolute terms current population
size. In fact, the increases in population under both projection scenarios dwarf the differences
between them; by the year 2100, the difference in projected total population size for developing
countries between the two projections would be about 2.2 billion -- in absolute terms a large number,
but a relatively small number compared to the 5 billion increase projected even with rapid fertility
decline.
In Table 5, the percentage differences between the two projections are shown for selected
countries and regions,8 and the regions' corresponding shares of total population reductions. More
8

See the appendix table for the underlying population numbers by year and region.
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than one-half of the total difference in the years 2050 and 2100 is accounted for by the projected
difference in Sub-Saharan Africa. Almost all of the remaining difference is accounted for by the
countries of North Africa and the Middle East. The difference between the two projections in the
total population of China in 2150 is only 29 million-- about 1 percent of the total difference of more
than 2 billion. The rea.' n is clear: fertility rates in China are already relatively low, and the
difference that more rapid fertility decline would make is small.
What difference would these alternative projections make to future flowsof carbon emissions
from fossil fuels in developing countries? To address this question requires first that a baseline, or
reference path of emissions for developing countries be set out. Table 6 shows emissions from three
different baseline or business-as-usualpaths (labelled "SPP"in the table, i.e. under the World Bank's
standard pop,ulationprojection): those of the International Panel on Climate Change (IPCC, 1991);
of the U.S. Environmental Protection Agency (EPA, 1990) and a third prepared by this author.1 '
The first two reference paths are based on projections of energy consumption in each of the regions,
based on projected future population and income, and. taking into account global energy supply.
These two reference paths build in substantial improvementsin energy efficiency. The third path is
based on a simpler projection of emissions in developing countries, based solely on the assumption

'9Projected emissions are simulated using the assumption that per capita income will increase at
an annual rate of 2 percent per year in ali developing countries over the period 1990 to 2100, and
using the results of a regression of per capita emissions on per capita income, i.e.

LnPCE = constant + InPCY + InPCY2
-12.11 + 1.89 -. 05
(-33) (18.8) (-7.7)
where lnPCE is the natural logarithm (In) of per capita emissions and InPCY and InPCY2 refer to
In of per capita income and of per capita income squared. The regression was run on data for the
period 1960 through 1987 for a sample of 150 developing and developed countries, with the results
shown (t- statistics in parentheses). (I am grateful to Nemat Shafik, who constructed this data set, for
making it available, and to Sushenjit Bandyopadhyayand Anita Schwartz for programming.)
11

that per capita emissionsin developingcountrieswill growas a functionof increasesin per capita
income;per capita incomeis assumedto growat 2 percent per year.10
Under the baselinescenarios,total emissionsfromfossilfuelsare projectedto nearlydouble
by the year 2000, and to increase between seven-fold(EPA) and more than 20-fold (author's
simulation)by the year 2050. The differencein the baselinescenariosillustratesthe possiblerange
of effectsof technologicalchange;none of the baselinescenariosallowsfor anypolicychangeat alL
Table 6 also shows,for each region, the lower emissionsin future years associatedwith the
lower populationgrowth under the rapid fertilitydecline populationprojection. (These reduced
emissionsare shownin the columnslabelled"RFD"in the table.)
The resultscan be summarizedsimply(Table7). In the year2050,the diffe nce in projected
total emissionsof developingcountriesbetween the two populationprojectionsis 780 milliontons
(EPA baseline)and 5 billion(econometrically
based)metrictons. On the one hand, these numbers
are large- 780 milliontons is two-thirdsof the total estimatedemissionsof all developingcountries
today, and 5 billion tons is close to today'sworld total emissions. On the other hand, for both
scenariosthese differencesamountto just 9 percent of the total emissionsof developingcountries

21As noted above,thiscomputationdoesnot take into accountthe possibilitythat lowerpopulation
growthwould inducegreater per capita incomegrowth- except to the extent that a steady rate of
annualper capita incomegrowthas h,ghas 2 percentis itself unlikelywithoutthe projecteddeclines
in populationgrowth.

12

projectedin 2050.' Evenwith lowerpopulationgrowth,emissionswouldhave increasedalmostsixfold in developingcountriesusingthe EPA baseline.2
In short, policiesto reducepopulationgrowthin developingcountriesand thusreduceworld
populationsize wouldcontnbute relativelylittle to reductionsin fossilfuel emissions.There are at
least three reasons.
First, differencesin projectionsof populationgrowthon a global scale are not that great.
Demographicmomentum assures that the population of the developingcountries will grow
dramaticallyeven with "rapidfertilitydecline",becauseof the momentumcreated bythe highfertility
and decliningmortalityof the past three decades. Past high fertilityand fallingmortalitymean
womenenteringchildbearingage now constitutea large proportionof the total populationin these
countries. Becausein most developingcountries,the next generationof womenwilloutnumberthe
previousone, even if the numberof birthsper womandeclinesrapidly,the birth rate can stay high
and the total numberof birthscan continueto rise. (Onlydramaticincreasesin mortalityas a result
of war or worldwidenatural catastrophewouldalter this conclusion. Obviouslyconcem withglobal
environmentaldamage arises because of a global interest in avoidingcatastrophicincreases in

2 Note, moreoverthat in the third scenario,the same regressioncoefficientsare applied to all
countries- so differencesin sharesarise onlydue to differencesin projectedper capitaincomeand
in population. If anything,this exaggeratesthe effects of populationchange,since it leads to an
understatementof China'spredictedemissionsand an overstatementof Africa's. Adjustmentswere
made to the constant to bring the "projection"for 1989into line with availabledata on emissions
across regions. These are availablefrom the author.
n It is worth noting that giventhere maybe importantnonlinearities(referred to often as clifHsin

the environmentliterature),a 9 percent reductioncouldbe important. It could be the marginthat
makesa criticaldifferencein whether the polar ice capsdisintegrate,Bangladeshis submerged,etc.
13

mortality or other major reductions in human welfare, so an increase in mortality could hardly be
viewed as a solution to the fundamental problem.)
For example, because of demographic momentum, the populations of most developing
countries would almost double in size before stabilizing, even were fertility rates to cdrop
instantaneously to replacement level (about two children per woman). In contrast, the population
of most developed countries under this situation would increase by 10 percent (Germany and
Sweden) to at most 40 percent (the United States).
Is this result due to the huge projected total emissions in the baseline scenarios? No. Let
us assume that by the year 2100 developing countries as a group had emissions per capita similar to
the current world average of 1.2 metric tons - ie. well above their current average of about .4, but
still below per capita emissions in most industrialized countries and below that projected using the
approach above; and that the developed countries had reduced their emissions to 1.2 metric tons per
capita. Then total annual global emissions from fossilfuels under the rapid fertility decline scenario
would be 12.0billion rather than 14.4billion tons - compared to a figure of 5.9 billion tons in 1988- still a doubling of total emissions.
Second, the potential for affecting future population size is greatest in those countries of the
developing world where per capita emissions are currently lowest. As noted above (Table 5), the
greatest potential reductions in population size between the two scenarios are in Africa and the
Middle East. In contrast, the potential percentage declines for China are smalL Yet Affica has low
emissions per capita while China, with about 29 percent of the developing world's population, had
emissions in 1988 that accounted for 42 percent of the emissions for all developing countries

-

due

in part to China's heavy use of its abundant coal (Table 2). Using the EPA estimates in Table 6 for
I The AIDS epidemic could take a major toil in mortality in Africa and Asia during the next
century (see Armstrong, 1991). SinceAfrica has low per capita carbon emissions,the effect on global
emissions would be minimal.
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the year 2050,we can calculatethat Africaand the MiddleEast together would accountfor about
66 percent of the reductionin emissionswith lower populationgrowth(Table 7).2 Yet this large
share in absolute terms is small -- about 5 percent of expectedtotal emissionsunder the standard
scenarioin 2050.
Third, it is likely that for given per capita income (which we are assuming),a smaller
populationwillproducesomewhathigherper capitaemissions,due to substitutionof energyfor labor
in production. To the extentthis isthe case,the differencein total emissionswithmore rapidfertility
decline would be overstated. In addition,if lower populationgrowthin fact causes higher per
capita income growth (contraryto the simplifyingassumptionmade in the projectionsof carbon
emissions),the effect of fewerpeople in reducingemissionscouldbe offset - on the assumptionthat
greater income raises emissions,at least at the lower levelof incomein regionswhere population
growthmightbe cut.

Deforestation
Deforestationcurrentlyaccountsfor estimatedcarbon emissionson the order of 1.4 billion
tons per year,comparedto 5.6billiontons attributableto fossilfuel burning(Table2). Thus tropical

'AThe question arises: Why not, as part of a global carbon emissionsreductionstrategy,try to
reduce populationgrowthin the industrializedcountries,where per capita emissionsare 10 to 20
times as high as in Africa? Ideally, the feasibilityand costs of such population reductions in
developedcountrieswouldalso be considered. Thoughfeasiblereductionsin projectedpopulation
growthwould be much lower,since fertilityrates are alreadyclose to replacementor, in parts of
Europe, even belowreplacement,the cost per birth averted could be 10 to 20 times as high and
wouldstill comparefavorablyto costs in developingcountries- at least for as long as the current
ratio of emissionsper capita in the industrializedcountriesrelativeto Africaprevails. Moreover,
women in industrializedcountriesstill report that manybirths are "unwanted"- and presumably
wouldbe avertedwere the full costsof contraception(and abortion)lower than they currentlyare.
'

I am grateful to CharlesBlitzerfor pointingthis out to me.
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forests are currently contributing about 20 percent of the buildup of carbon dioxide in the
atmosphere,whichin turn accountsfor about 50 percent of the total buildupfrom all gases.'
Majorunderlyingcausesof deforestationin developingcountriesincludeclearingof forests
for agricultureand use of forestsas a sourceof woodfuel;both are closelyassociatedwith population
growth. Most analystsagree that loggingfor forest products also contributes,as do government
programsandpoliciessuchas road-building,fiscalincentivesto exploitfrontierareas,andcolonization
and resettlementschemes(in Indonesiaand Brazil- see, for example,Schneider 1991,on Brazil).
Population growth could affect deforestationby increasing the demand for agricultural
products and thus the return to land clearing, and by increasing the demand for woodfuels,
particularlyin smallurban areas. Cross-sectionanalysisof Southgate(1989,for cantonsof Ecuador)
linksdeforestationto the size of agriculturalpopulations;analysisacrosscountriesof Latin America
(Southgateet al., 1991)links agriculturalland growth to rates of populationgrowth. Allen and
Barnes (1985)find,for a cross-sectionof developingcountries,that populationgrowthrates in the
1970sare associatedwithhigherrates of deforestation;the relationshipisstrongerfor Africaand Asia
than for Latin America,presumablybecauseland clearingto extendagricultureand use of woodfuel
are both more likelyat lower averagelevelsof income.' They alsofind that acrosscountriestotal
wooduse (the sumof wood use and wood exports)is associatedwith higherrates of deforestation.
2'
Rudel (1989),usinga similarapproach,reports similarfindings.

26Deforestationprobablyaccountsfor a

higher proportionof the buildupof methane and other
greenhousegases,and thus accountsfor between15and 20 percent of all greenhousegas emissions.
(Myers,1989).
17Theyregressrates of deforestationon rates of populationgrowth,controling for GNP per capita
and extent of forest cover.
'oRudel regressesthe naturallogarithm(In) of changesin forest coverage(1976-80)on the In of
the changein populationgrowth, 1960-75,with controlsfor GNP per capita and forest area at the
beginningof the period. Bilsborrow(1992)and Bilsborrowand Geores (1992)reviewRudel and
other studies.
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None of these analyses demonstrates an inevitable relationship between population growth
and deforestation. An estimated 90 percent of increases in agricultural production in the last two
decades is the result of higher yields on existing lands, not the extension of agriculture to new lands
(World Bank, 1992);and consumption of woodfuels(and thus deforestation for that purpose) declines
consistently and universallywith household income and city size (Barnes and Qian, 1991), implying
that continued income growth and urban growth will reduce this source of pressure on forests. (A
rough estimate of the income elasticity of woodfuel consumption is zero, based on the range of
estimates reported by Hyde and Newman, 1991).
However, it is reasonable to assume that barring dramatic policy changes (e.g. in fuel or
agricultural taxes and subsidies), the current association of population growth with deforestation will
persist, particularly in the poorer countries of Africa and Asia. Such an assumptionis consistent with
the observation that worldwide rates of deforestation have continued to increase in the last decade
(a possible exception is Brazil, where rates of forest loss have declined since a peak in 1987)despite
income growth (outside of Africa) and growth in city size. It is also consistent with the observation
that deforestation in developing countries is closely associated with poverty -- be it of the small
farmer who migrates to new lands and clears forests, or of the poor urbanite who uses woodfuel -and that even with modest income growth in developing countries, the problem of poverty will not
be quickly resolved.' Given this assumption, to what extent would differences in future population
growth alter rates of deforestation and thus rates of emissions of greenhouse gases?
The econometric analyses referred to above suggest roughly that a one percentage point
difference in the rate of population growth would reduce annual rates of deforestation in all
developing countries by between one-third and one-half percentage point, and by somewhat more
than that in Africa and Asia (e.g. Allen and Barnes, 1985). (Annual rates of deforestation reported
29Myers, 1989, makes

a similar point.
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by Myers, 1989,range widely. In West Africa they are high, e.g. 14 percent in Nigeria and 15 percent
in Cote d'Ivoire; in Zaire, with the great bulk of Africa's existing forests, the rate is 0.4 percent. In
Brazil and Indonesia, which along with Zaire account for almost 50 percent of all global forest cover,
Myers' estimated rates in the late 1980swere 2.3 and 1.4 percent respectively.) For simplicity,let
us assume a 0.5 response elasticityof the rate of deforestation to reductions in the rate of population
growth, implying for example that a 50 percent reduction in the rate of population growth would
reduce the rate of deforestation by 25 percent. The critical period for analyzingthe effect is between
now and about the year 2025. Beyond the year 2025, the payoff of lower population growth in terms
of reduced emissionsof greenhouse gases from deforestation declines quickly,both because the forest
base is lower and because the difference in the two population projections between rates of
population growth drops so rapidly. The difference in the population growth rate between the
standard and rapid fertilitydecline projections for this critical period between now and 2025 is almost
60 percent for Africa, and is about 8 percent for Brazil and Indonesia. At 0.5 elasticity, this implies
that with rapid fertility decline over the next 25-35years, rates of deforestation for Africa as a whole
would decline from roughly 2 percent (one-half of all Africa's forest cover is in Zaire, where the rate
of deforestation is relatively low compared to West Africa), to about 1.4 percent over the period;
rates in Brazil from 2.3 to 2.2 percent; and rates in Indonesia from 1.4 to 1.34 percent. These
declines would reduce forest loss by perhaps 410,000square kilometers over the entire period (an
average of 12,000square kilometers per year -- compared to annual current estimated losses reported
by Myers, 1989, of 140,000square kilometers).
The bulk of the reduction occurs in Africa, because that is where the great difference occurs
in population growth between the two projections. The total (global) reduction in deforestation is
relativelylow because Africa accounts for a relativelysmall proportion of existingglobal forest cover.
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At 10,000 tons of carbon released per square kilometer," the total reduction in carbon
releases over the 35-yearperiod associated with the lower rate of population grow'h would be about
4.1 billion tons, and the average annual reduction about 117milliontons, compared to current annual
carbon releases associated with deforestation of 1.4 billion tons. This implies about an 8 percent
reduction in carbon emissions due to deforestation and a 2 percent reduction 'n total carbon
emissions.

Section 3. Economic Costs of Reducing CO, Emissions
In this section I compare the economic costs of reducing CO2 emissions ir two ways: with
population growth as given, but energy consumption reduced or made more efficient or less carbon
intensive, e.g. through technologicalchange (the "tax"route); and with per capita emissions as given,
but a reduction in total emissions via lower increases in population (labelled hereafter the
"population"route). The cost of attaining lower population growth is discussed in terms of the costs
of educating women (given the evidence that educated women have fewer births) and the costs of
family planning programs, i.e. greater provision of modem contraceptives (given the evidence that
family planning programs reduce fertility over and above the effects of household income, parents'
education and so on.31 )
Ideally, the comparison of the costs of reducing emissionsvia the two routes above would be
made in terms of economic costs, i.e. the actual resource costs to the economyof reducing emissions
under the two alternative approaches. In fact the cost of the population reduction strategies is

I This is also a crude estimate, based on the observation that Myersestimates carbon releases from
deforestation in 1989 to be 1.4 billion tons, and reports an estimated 142,000square kilometers of
(tropical) forest loss, i.e. about 10,000tons of carbon per square kilometer of deforestation.
31 For

reviews of the evidence on the determinants of fertility, see Birdsall, 1988 and World Bank,

1984.
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measured in terms of direct costs to government or donors, and does not take into account any
efficiencycosts due to the associated additional taxation,while the cost of the carbon tax is measured
in terms of foregone efficiency. Nor does the comparison does not .a%keinto account such
externalities (generally positive, but negative externalities are also possible) as the possible benefits
a tax might bring via reduced emissions of other pollutants besides greenhouse gases3, or via
incentive effects on development of new cleaner technologies,nor the economic productivityeffects
of greater education for women or the health benefits of familyplanning. Finally,the costs discussed
below do not take into account any benefits of reduced global warming.
The effect of discounting on the relative costs of the tax vs. population strategies is explored
briefly below, after presentation of the initial cost estimates. To take fully into account the streams
of costs and benefits of the various carbon reduction strategies would require more detiiled analysis
than is presented here.
Carbon taxes. Various approaches have been used to estimate the costs of reducing C02
emissions. Nordhaus (1991) reports on estimates from econometric (or elasticity) studies and from
mathematical programming or optimizing models.

The costs in these estimates assume an

economicallyefficient reduction strategy.' In econometric anal

he impact of various policies,

such as carbon taxes on consumption or production, is estimated, in the context of behaviorallybased
models of the supply and demand for energy. The underlying models use various assumptions about

32 Shah and Larsen (1992) assess the case for carbon taxes in terms of the potential local
environmental benefits and revenue benefits, noting that currently fossil fuel prices are subsidized
globa"ly- in an amount in excess of $230 billion (evaluated at end-user prices), equivalent to a
negative global carbon tax of $40 per ton of carbon. They conclude that Indonesia, India and
Indonesia could benefit from a carbon tax based solely on the health benefits to reducing local
pollution.

3 Le. assuming competitive markets. These estimates also do not take into account any
externalities (such as welfare empowerment due to slower global warming).
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interfuelsubstitution,technologicalchange,and the elasticityof energysupply. Optimizingmodels
are conceptuallysimilar.3
Nordhaus uses the cost estimatesfrom about 10 such studies as the basis for fitting an
equationthat thus constitutesa kind of summary"cost-reductionschedule"of the marginalco ;t of
reducingemissions.As a functionof the percentagereductionfrom a baselinepath, the relationship
of emissionsreductionsto marginalcostssummarizedin thisscheduleis identicalto the relationship
between a uniformcarbon tax and the CO2 reduction;in other words,the necessarytax to reduce
emissionsat each marginprovidesa summarymeasureof the marginalcost. The estimatesused to
fit his equation generallyallowfactorsof productionto adjustfully,and therefore are estimatesof
long-run marginal costs -- short-run costs would be much higher.

The cost reduction schedule (and in effect the underlyingestimates that it summarizes)
indicatesthat the marginalcost of a 10 percent reductionin carbon emissionswouldbe about $20
a ton.' The averagecost of a 10percent reductionfrom a baselinepath wouldbe about $10 a ton;
with current global emissionsof about 6 billiontons, a 10 percent reductionwould cost about $6
billionannually. This cost is relativelylow -- under one-tenth of 1 percent of annualworld output.
Howe'er, the schedulealso showsthat costsof further reductionsrise rapidly. A 20 percent
reductionwould require a tax of over $50 a ton and a 50 percent reductiona tax of $130a ton.
Nordhauselsewhere(1990)concludesthat givencurrent understandingof the likelycostsof climate
change,a tax that reducedcurrent emissionsby 10percent wouldbe reasonable. (He estimatesthat

34To estimate marginalcosts of CO2 reduction, alternativeconstraintsof total emissionsare
imposed,and efficiencypricingand energyproductionunder differentconstraintsis derived. The
shadowpricesassociatedwith the alternativeconstraintsare equivalentto the tax rates that would
inducethe constraints;thus the marginalcosts of reducingemissionsby particularamountscan be
summarizedin p
5 Wheeler, 1985.
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a lowertax,of about $5,wouldbe sufficientto reducetotatemissionsof allgreenhousegasesby 10%,
becauseinitialCFC emissionsreductionsare relativelycheap.)
Avertinga birth through greater publicspendingon familyplanning. How do these costsof
reducingemissionsfroma baselinepath in whichpopulationincreasesare givencompareto the costs
of reducingemissionsby reducingpopulationincreases,with per capita emissionsgiven?
Increasingthe availabilityof modemcontraceptivesis one approachto reducingthe rate of
increase in populationgrowth. Estimatesof the costs of averting births through contraceptive
servicesor familyplanningprogramsrequireestimatesof the costsof deliveringservicesto usersand
of the effectsof suchservicesin reducingfertility-- fromwhat it mightotherwisehave been even in
the absenceof contraceptiveservices.'
The most carefulsingleestimateof the cost of avertinga birth I could find is providedin a
recent paper of Cochrane and Sai (1991). They first calculate the costs of a couple year of
protection,on the basisof informationat the countrylevelon usersand methods. These costsvary
from about $3 for female sterilizationin Indonesia to about $25 for pill use in Morocco and
Honduras. To translatecostsper coupleyear of protectioninto costs of a birth avertedthey assume
that the foregonefertilityof usersisequal to the actual fertilityof all womenof the sameage in the
particularcountry. In a mechanicalsense this underestimatesbirths avertedsince the comparator
group includescontraceptiveusersI However,in a behavioralsense,it may overstatebirthsaverted
due to contraception,since manyusers might have found other ways to control their fertility.3
3' Note that fertilitycan and historicallyhas been controlled in many societiesby abstinence,
withdrawal,the rhythmmethod,lactation,separationof spouses,and probablymostimportant,by low
rates of marriageand late age of marriage.

3 Cochraneand Zachariah(1983)providedtwo estimates,includinga lowerone for costsof births
averted,by reducingthe comparatorage-specificfertilityrates to take into account the effectson
those rates of the inclusionof contraceptiveusers.
3 ' See

footnote 36 above.
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Cochraneand Sai note that the resultingestimatedcosts per birth avertedvary acrosscountriesas
a functionof the numberof womenwho state in surveysthat they want no more children-- at the
rate of $4.60 decline for every 1 percent increase in those who want no more children. Using
availablecountrydata on costs per year of coupleprotectionand on proportionsof women across
countrieswho want no more children,they estimatethree costsper birth averted for three typesof
countries:$259(1987dollars)per birth averted in high mortalitycountrieswhereabout 20 percent
of womenreport wantingno morechildren(typicalof Africaand somecountriesof the MiddleEast);
$213in highmortalitycountrieswhereabout 30 percent of womenreport wantingno more children
(India, Bangladesh);and $144in low mortalitycountrieswhereabout 45 percent of womenreport
wantingno more children(Colombia,Mexico,much of Latin America).
For the comparisonsbelow,I assumea costper birth avertedof $240,sinceabout 80 percent
of the feasiblereductionsin populationincrease(Table5) wouldcome from Africaand the Middle
East, and another 10 percent from India and other high-fertilitycountriesof Asia.
An estimate of emissionsaverted for each birth averted is also needed. For the set of
countrieswhere fertilitycould be reduced (primarilyAfrica and the Middle East) I estimate that
annualper capitaemissionsof carbonare currently0.35tons.' For lifetimesof 60 ,ears, thisimplies
lifetimeper capitaemissionsof 21 tons,and with a 2 percent annualincreasein emissionsper capita,
of 40 tons. Thisper capitafiguredoes not take into accountcurrentcarbonemissionsassociatedwith
deforestation(whichin Sub-SaharanAfricawere almostone ton per capita in 1980', but whichon

390.35tons is the weightedaverageof currentfossilfuel-basedper capitaemissionsof Sub-Saharan
Africa,the MiddleEast/NorthAfrica,South Asia and Latin America,where the weightsrepresent
the proportionsof ail expectedreducedbirths (from Table 5) and annual per capita emissionsfor
these regionsare, respectively(from Table 2); 0.1, 0.8, 0.2 and 0.4 tons per capita.
4 United NationsEnvironmentProgram,1991,Table 1.3.
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a per capita basiscannot continueat the samelevel);the estimateof 0.35tons is thus a conservative
one.
With these assumptions,the cost of reducingcarbon emissionsvia familyplanningprograms
wouldbe between$6 and $12per ton ($240/$40and $240/$?1)- see Figure1. These costscompare
favorablywiththe marginalcostof $20a ton to reducecarbonemissionsby 10percent usinga carbon
tax
Is it reasonableto assumethat $240per birth avertedis the marginalcost of avertingbirths
in a comparablerange of carbon reduction? Yes. To achievean eventual reduction of current
emissionsby 10 percent, i.e., 600 million tons, would require that between 15 and 29 million
additionalbirthsbe averted(600/40tons of lifetimeper capita emissionsand 600/21tons), at a cost
41 Tventy-ninemillionbirths would represent less than oneof between $3.6billionand $7 billion.

third of the differencein populationsizebetweenthe two populationprojectionsdiscussedabovein
the year 2000(Table5) and less than 5 percent of the differencein Africaalone in the year 2050.
In fact, the marginalcosts of familyplanningservicesto avert an additional29 millionbirths may
actuallybe lower than current estimatedaverage costs, and in low income countriesare Likelyto
decline over time. It is true that marginalcosts could increase in settingswhere familyplanning
serviceshave alreadyrealizedeconomiesof scale(such as Indonesiaor Thailand)and whereaverage
number of children is already low (China, the United States)--thougheven in these settings,

41Additionalspendingof such amountsover and abovecurrentestimatedspendingof between$3
and $5 billionwould be large but not unreasonable. Estimatesfrom various studies and sources
shown in Cochraneet al., 1990 (Table 8) are that the annual cost in the year 2000 of services
sufficientto ensure the fertilitydecline associatedwith the United Nation's mediumpopulation
projection,willbe between $3.6and $8 billion(includingprivatespending)in developingcountries.
The UN mediumprojectionis similarto the WorldBank's standardprojection. To reduce births
more, m line with the rapid fertilitydecline projection,wouldcost more.
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improvementsin contraceptive technology could drive down costs.' However,where family planning
services are still limited and average number of children high (Africa and the Middle East), marginal
(and average) costs are likely to decline; as the three figures for the three types of countries cited
above indicate, the cost of averting a birth appears to decline . s desired fertility declines and more
women in a population say they want no more children.'
Averting births by educating irls. Summers (1992) notes that one additional year of female
schooling reduces fertility by between 5 and 10 percent, on the basis of econometric studies at the
country level of the effects of female education on fertility. The effect is probably closer to 10
percent where fertility is relatively high.' In Kenya, for example,where the total fertility rate is 6.5,
a woman with secondary education has one fewer child than a woman with five to eight years of
education; in Colombia in 1976 a woman with one to three years of education had almost seven
births, compared to six births for a woman with four to six years of education.'

I assume below

that in the low-income countries, each additional year of girls' schooling would result in 0.3 fewer
births, a conservative assumption.
World Bank estimates of the average annual recurrent cost of one year of primaryschooling
in low income countries are about $36 per student. Using an assumed annual recurrent cost of
I Reductions in the cost of abortion, includingin the industrialized countries, would have the same
effect--for example, more widespread use of RU486, an abortifacient the use of which eliminates the
need for any surgical procedure.
4' Decline in desired family size are in turn dependent on continuing increases in educational
attainment of women, urbanization, and so on, in these regions and continuing declines in infant
mortality. These are built in already in the population projections of the World Bank as trends that
are assumed to follow patterns set in the past.

' de Tray (1972) reports an elasticity of fertility with respect to education of -0.3 in Pakistan,
implyingat 3 years of education a 10 percent reduction in fertility, or 0.7 fewer births given a total
fertility rate of 7.
45For Kenya, Schafgans, 1991, cited by Summers. For Colombia, World Bank, 1984, based on
Casterline et al., 1983.
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double that for a year of secondary school, ie. $72, the annual cost of raising female enrollment in
all low-income countries to that in high income countries would be almost $6 billion ($560 million
for 14 million additional years of primary schoolingand $53 billion for 98 millionadditional years of
secondary schooling).'6 Tbus in low-income countries, spending $6 billion on girls' schooling could
be associated with an additional 112 million years of educafion -- at the implied ratio of additional
primary to additional secondary education, an average cost of $52 per year of additional education.
This implies a cost per birth averted of $173 (at 0.3 fewer births per year of additional education).
Assuming that each birth averted is associated with a reduction in lifetime emissions of 21
tons (as discussed above), the implied marginal cost per ton of emissions averted is between $4 and
$8 (the former if we assume a 2 percent annual increase in per capita emissions) - see Figure 2.
Of course, as in the case of familyplanning, these estimates do not take into account the lag
in the benefits of reduced births associated with schooling of girls. The lag would be longer than it
is for the tax or for family planning services.
Discounting. The benefits of spending on family planning and of educating girls should be
discounted to take into account the fact that costs but not benefits are immediate. In the case of
family planning, birth reductions are immediate but benefits in terms of reduced emissions accrue
slowlyover the would-be lifetimes of those not born In the case of educating girls, benefits begin
only when those girls reach reproductive age, and then accrue slowlyover their years of reproductive
age.
One or two examples can help illustrate the effect of discounting.'7 In the case of family
planning, where the effect of reduced births begins immediatelybut the benefits accrue gradually,

4

Summers, 1991.

471 am grateful to Bjorn Larsen and Anwar Shah for useful comments on this and the following
sections.
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consider a discount rate of 2 percent. It would just offset the assumed 2 percent growth rate of per
capita emissions, so that the discounted tons of emissions would be 21 tons, and the cost per ton
about $12 (240/21). With a 2 percent discount rate, and no increase in per capita emissions over
time, and assuming uniform reductions in emissions over lifetimes, the discounted carbon emissions
would be about 12 tons and the cost per ton would rise to $20 (240/12). With a 5 percent discount
rate, the cost per ton would rise to $39 (240/6.6 tons). In the case of educating girls, an additional
assumption is required. Assume a gap of 15 years between the additional year of education and the
year when a birth is averted (e.g. between age 10 and age 25). Assuming not only a 2 percent
discount rate but a 2 percent annual growth in emissions, averted tons continue to be 21, and the
marginal cost per ton is $8. Without the assumption that per capita emissions are increasing, and
taking into account the 15-yearlag, the discounted tons of emissions averted would be 9.3 tons at a
2 percent discount rate and 3.2 tons at a 5 percent discount rate, so that marginal costs per ton are,
respectively,$19 and $54.
The marginal cost of a carbon tax should also be discounted. The short-run reduction in
emissions associated with a $20 tax (or a $20 marginalcost) would be much lower than the long run
reduction, because of the difficultyof changing the capital stock and adapting new technologies in
the short run. Assuminga long run period of 20 years for the tax, and a 2 percent discount rate, the
discounted tons reduced would decline by about 20 percent, implyingan increase in the marginalcost
of a tax to about $24. At a 5 percent discount rate, the discounted tons reduced would decline by
56 percent, implyingan increase in the marginal cost of the tax to $31.
The costs across the different strategies of attaining a 10 percent reduction of carbon
emissions (from fossil fuel burning alone) under the various strategies and with different discount
rates are summarized in Table 9.
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Thus depending on assumptions regarding expected increases in emissions in developing
countries, the appropriate discount rate, and the appropriate period of discounting, the relative costs
of the tax and the family planning strategies shift. The greater the expected increase in per capita
emissions in developing countries (as discussed above,increases are likelygiven the current low base),
the lower the discount rate, and the longer it takes for adjustments of the capital stock and of
technology in response to a tax, the more cost-effective the familyplanning strategy is compared to
the tax. Between family planning and educating girls, the latter is more attractive the lower the
discount rate and the steeper are expected increases over time in per capita emissions.'
An optimal carbon reduction strategy. In fact, an optimal strategy would almost certainly
exploit some combination of a carbon tax and population reduction. We can use the Nordhaus cost
reduction schedule to illustrate the point. Figure 3 shows the Nordhaus marginal cost curve of a
carbon tax (MC,), and the $12 per ton cost of reducing population through family planning, (MCpp)
shown as constant until point A, and then increasing. (The same point could be made using the
estimated cost of reducing emissions by educating girls.) As the figure indicates, at a $12 marginal
cost of reducing emissions by a tax, current emissions would decline from their baseline path by 8.35
percent.' If this percentage reduction is sufficient, the optimal strategy is to rely solely on the $12
tax. However, to achieve any greater decline, it makes sense to combine a $12 tax with additional
spending on family planning (or educating girls). Combining population reduction with a tax is
I
'Ao
fully take into account the stream of costs and benefits for the tax, family planning and
education of girls would require more than simple application of a uniform discount rate. For
example, note that the benefits of averting births accumulate across generations; the costs in the
second generation of averting the births that might have occurred to persons never born in the first
generation are zero. This is true of educating girls as well as of familyplanning, since there is strong
e-viden:ethat education of mothers positively affects education of children (and to a greater extent
than education of fathers), i.e., there is an echo in a second generation of the benefits of educating
girls (King and Lillard, 1987 and King and Bellew, 1989).
4' Calculation is based on Nordhaus' (1991) regression estimate, which provides the basis for his
cost curve: In (1-R) = -.0223 - .0054 (MC).
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optimal as long as the marginal costs of the former are lower than those of the tax within the range
of the targeted reduction. Thus in Figure 3, relying on the population reduction strategy continues
to make sense beyond point A, up to whatever percentage reduction is targeted, as long as its
marginal cost remains below the marginalcosts of a tax (which, of course, may not hold beyond some
point).
Discountingthe benefits of the population reduction strategies would raise the point at which
these strategies should kick in. With a relatively low targeted reduction, and a relatively high discount
rate (and depending on expected growth in per capita emissions), there may be a point at which
population reduction would not be part of a cost-effective strategy. But given targeted reductions
in the range of 10 percent, and the range of plausible costs set out above, it appears that population
reduction in fact would be part of any cost-effective strategy.
To illustrate the point differently,suppose a global constraint was set on the costs of reducing
carbon emissions, of $6 billion per year. Recall that a tax of $20 per ton would imply costs to the
economy of $6 billion annually and would reduce current carbon emissions by about 10 percent or
600 mflliontons. How much would $6 billion reduce emissionsif spent on a combination of a tax and
population reduction? At a rate of $12 per ton, the total cost of the tax would be about $3 billion
and emissionswould be reduced by 500 million tons. Spending of the remaining $3 billion on family
planning would avert an additional 12.5 million births (at $240 per birth averted), implying an
eventual reduction of another 263 million tons of carbon emissions (at 21 tons of emissions over a
lifetime). Thus, the total effect of spending of $6 billion would be to reduce current emissionsby 763
million tons, ie., by 12.7 percent--compared to a reduction of 10 percent using the tax alone.
Conclusion
The costs of reducing carbon emissions by spending to reduce births compare favorablywith
the costs of a carbon tax; at $12 per ton, the costs of reducing births by spending on familyplanning
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are equivalentor lower than the $20 marginalcost of a tax that would reduce emissionsby 10
percent. Discountingat 2 percent impliescostsof $20 a ton, in the range of our estimateof $24 a
ton for equivalentdiscountedreductionsvia a tax The undiscountedcosts of reducingbirths by
educatinggirls,at $8 per ton, are similarto the costsof familyplanning;discountingat 2 percent, and
takinginto accountthe longerlagbefore the benefitsof girls'educationbegin,costsrise to $19 a ton.
In fact, other evidenceshowsthat the marginaleffectsof both familyplanningservicesand female
educationon births increaseas a functionof increasesin the other, i.e. there is a stronginteraction
betweenthe two.' Thusthe marginalcostsof some combinationof spendingon the two population
reductionstrategiesmight actuallybe lower than their costsestimatedseparately.
The implicationof the costanalysisfor the overallconclusionis simple: The globalnegative
externalityrepresentedby rapid populationgrowthin developingcountriesprovidesa strong, new
rationale for developedcountries,in their own interests, to finance programsthat would reduce
populationgrowthin developingcountries.Thisistrue even thoughfeasiblereductionsin population
growth would represent at best a modest contnbution to reducing greenhouse gas emissions.
Spendingto reducepopulationgrowthcannotalone solvethe potentialproblemof globalwarming.
However,it seemsclear that somecombinationof spendingon familyplanningand girls' education
in low incomecountriesshouldbe a central part of anyoptimalcarbon reductionstrategy."

s0Wheeler, 1985.

Cline (1992),using a different approach,similarlyconcludesthat reducingpopulationgrowth
makes sense as part of any strategy to reduce global warming,in terms of its relative costs and
benefits.
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Table 1. Shares in WorldPEoulaton. GDP.and CarbonEmissions.
Countr- Grouns. 1988

Fossil Fuel
Carbon EmissionLs

Pwo lation

GDP

15

87

52

Eurpe
and USSRb'

9

N/A

28

Develop-ig

76

18

20

Developed
Countrles>

Cones"

Deforestation
Carbon Emissions

Total
Cabon Emissions

5

ca. 55

ca. 12-

95

ca.33

Sources: WorldBank,1990(populationand GDP); Bodenet aL,1990(fossilfuel carbonemissions);Houghton,1990,Schneider,1991.
"2OECD
boIncluling then East Germany

""IncludingChina
d'l99

Table 2. Fossil Fuel Carbon Emissions.
Selected Countrles and Regbons

Total Emissions
(millions of metric
tons)

Per Capita Emissions
(metric tons)

Emissions Per
Milion Dollars of
GDP
(tons of carbon)

1960

1988

1960

1988

1989

United States

800

1,310

4.40

5.30

259

United Kingdom

161

153

3.10

2.70

185

West Germany

149

183

2.70

3.00

147

China

215

609

0.33

0.56

1,547

India

33

164

0.10

0.20

670

Bral
Latin America and
the Caribbean

13

55

0.20

0.40

South Korea
East Asia and the
Pacific

4

TOTAL GLOBAL

2,586

278
56

0.10

1.30
934

5,893

0.90

1.20

Sub-Saharan Alrica

618

0.13b

376

Middle East and
North Africa

189a

0.76b

516

Sources: Top Panel (excluding column 5): Boden et al. (total per capita emissions). Boden et aL do not cover
all countries, but the top 20 in terms of emissions, comprising an estimated 95% of all emissions.
Bottom panel and column 5: World Development Report, 1992.
' 1989 data, expressed in millions of tons of carbon
b 1989 data, expressed in tons of carbon

,j71

Table 3. CawbonEmissions from Deforestation, bv Countrv

Annual Deforestation (1989)
source: Myers
.square kilometers)

Estimated Carbon Emissions
source: Myers"
(millionsmetric tons)

Estimated Carbon Emissions
source: Choucri based
on Houghton
(millionsmetric tons)

Bral

50,000

500

336

Indonesia

12,000

120

192

Colombia

6,500

65

123

Cote d'Ivoire

2,500

25

101

Nigeria

4,000

40

60

Zaire

4,000

40

TOTAL, including all
other countries

138,600

"Based on assumption that deforestation of one square kilometer of forest emits 10,000tons of carbon.

1,659

Table 4. Populatlon Growth Rates. Total FertiliJt Rates,
All Developng Countries6'
and Ponulation ProJectLons.8>

Po_uladon Growth Rates

1985-2000

2025-2050

2075-2100

2125-2150

Standard

1.99

.90

.22

.05

Rapid

1.86

.64

.13

.04

Total Fertility Rates

Standard

3.62

2.241

2.063

2.054

Rapid

3.40

2.110

2.063

2.055

Ponulation Prolections (bilulons)

2150

1985

2000

2050

Standard

3.67

4.95

8.95

10.60

11.03

Rapid

3.67

4.85

7.60

8.39

8.67

All Developin Countries

*' These numbers reflect preliminary runs (September 1991) and may change slightly before they
are published in 1992.
b> Including China, excluding Eastern Europe and the Soviet Union
Source: Preliminary World Bank projections (1991)

Table 5: Percentage Reduction,
Rapid Fertilitv Decline vs. Standard.
and Shares of Total Reduction, by Rgons

percentage Reduction

Share of Total
Reduction

2000

2050

2100

2100

China

0.7

1.3

1.5

1.7

1.3

India

1.5

6.6

7.9

7.7

6.4

Sub-Sabaran Africa

4.4

34.6

43.4

51.2

53.9

Latin America

1.9

8.1

7.3

5.1

3.1

Other Asia

1.6

5.1

6.4

4.9

4.2

Mid. East & N. Africa

3.9

28.8

38.1

29.4

31.3

TOTAL

2.0

15.3

20.9

100

100

Table 6. AlternatIveProlecdons. Fossil Fuel
Crbon Emission Develogi Countr Regions
Panel on ClimateChang
In:erwvemUmental
198S

2000

2000

AbrIca
Centrally
Planned Asia
Lati America
MiddleEut
S& E Asia

0.17

0.28

.27

0.54
0.22
0.13
0.27

0.88
0.31
0.31
0.56

.87
.30
.30
.55

TOTAL

1.33

2.35

230

A
EwronM Ml Protection

Africa
CenOtlly
Planned Asia
Latin America
MilddleEast
S. & ELAsia
TOTAL

2050

2000

2000

2050

2100

2100

1985
EL:
0.1

S ppa "s

0.3

.29

0.9

.59

1.4

.79

0.6
0.2
0.1
0.3

1.0
0.3
0.2
0.5

.99
.29
.19
.49

3.6
1.4
0.7
2.1

3.55
1.29
.50
1.99

4.9
1.8
1.0
4.1

4.3
1.67
.62
3.84

1.3

2.3

2.25

87

7.92

13.2

11.75

2050
Sprr
3.3
15.1
7.8

2050

S=r

iaF&

P"b*ox

S

BFmb

Based"2
Economet1rcaMv

0.2
1.9
0.8

2000
mb">
.19
1.89
.79

0.6
0.3
0.8

.58
.30
.79

4.64

4.56

2000
Africa (Sub.
Saharsn)
China
Latin America
Middle EaWs
N. Afiics
India
Other AsIa

sm

'
TOTALT

&RMWo

2100

2100
SPF"

B

"31

216
14.90
7.17

26.3
93.3
50.4

14.89
91.9
46.72

&6
2.6
&81

6.12
243
7.69

66.0
17.1
52.5

40.85
15.75
49.14

45.5

40.4

305.7

29.3

*' SMand bl, PaTty
p =DWWr=fiWProjecton

ol'Thefiguresshownin the RDcolumns amederivedbyappl4ng fth

tpeetg
declineIn populationshownIn Table5 to the flgua In the "stanard'column
for fthsamear Unfortunatel,themIs no a one-to.onecorrepondencebetwee reional popltio projectonsof the WoridBan*and theregiommodelledin
Africa for
the IPCCan AM carbonemissionprojections.The Mmperetdeclinesin population(Tabl5)ae appled as folownr for Alkica,Sub,4abaran

Lentrally Planned Adsa, a; for Middle East Middle East and North Africa for South and Es
RcgWon tresults avaable frm author.
d7
'Columns may not add due to roundI
Y

Asa,

ther Asia

Table 7. Effect of Slower Populatlon Growth
on Fossil Fuel Emissions. 2050

Difference In
population size
(millions)

Resulftng reduction
In emissions (EPA
scenario, millions
of tons)

Percent difference
from baseline
scenario

Shares In total
reduction from
baseline scenario

REGIONS
Africa

699

310

34

40

Centrally Planned Asia

23

50

1.4

6

latin America

69

110

8

14

Mddle East

401

200

8.5

26

South and East Asia

67

110

5

14

1,259

780

9

100

7OTAL

Sources: Appendix Table and Table 6. See notes to Table 6.

Table &8Effects of Slower PopulatlonGrowth
on Reduced DeforestatIo". 2025

Other
Africa

TOTAL

210,000

105,000

410,060

181

2,100

1,050

4,100

5

60

30

117

Brazil

Indonesia

8%

8%

60%

Current Annual Rate of
Deforestation

2.3%

1.4%

2%

Annual Rate of Deforestation with
Slower Population Growth Rate-'

2.2%

1.34%

1.4%

Resulting Reduction in
Deforestation (sq. kilometers)
over 35 years

77,000

18,060

Resulting Reduction in Carbon
Emissions @ 10,000 tons per sq.
kilometer (in millionsof tons)

770

Annualized reduction from current
emissions from deforestation (in
milfionsof tons)

22

Difference in population growth
rate, in 2025

Zaire

NOTE: Reduction by 117 million is equal to about 8 percent of current emissions due to
deforestation.
AlUsing assumption that the elasticity of deforestation rate with respect to population growth rate
is 0.5.

Table 9. Costsof a 10%CarbonReduction(Emissionsfrom Fossil Fuels)
1
under VariousReductionStrategies!

CarbonTax

FamilyPlanning

EducatineGirls

No
Discount

2%01

5%!1

No
Discount

2%

5%

No
Discount

2%

5%

Mainal Cost

20

24

31

12

20

39

8

19

54

TotalCostki
($ billion)

6

7.2

9

7.2

12.0

23.4

4.8

11A

32.4

Usinga baselinein whichthere are no annualincreasesin per capits emissions.To the extentthere are suchincreases,due for example
to incomegrowth,the relativecostsof the familyplaning and girls' educationstrategieswouldbe lower.
i

Note that if the carbontaxand populationcontrolstrategiesare pursuedsimultaneously,
the relativecostof populationcontrolincreases
becausethe carbon taxwillmakeper capitaemissionslowerand therebyreducethe cost-effectiveness
of populationcontrolpolicies.lhe
magnitudeof this effect increaseswith the size of the carbontax.
I For the populationreductionstrategies,I assumeconstantmarginalcostsin the relevantrange. For the carbon tax,marginalcostsare
increasing.
K

Assuminga longrun periodof 20 years for the full effectsof the tax to take hold.

Figure 1
Family Planning to Reduce Carbon Emissions

Estimated cost per birth averted:

$240

Estimated annual expected per capita emissions (of births averted2):

0.35 tons

Times 60 years (lifetime)

21 tons

With 2% annual increase

40 tons

Cost per ton of emissions:

Between $6 (240/40) and $12 (240121)

Figure 2
Educatine Girls to Reduce Carbon Emissions

Estimated cost for an additional year of girls' schooling

$52

Assumed reduction in births for each year of schooling

0.3

Cost per birth averted

$173

0.35 tons times 60 years (lifetime)

21 tons

With 2% annual increase

40 tons

Cost per ton of resulting reduced emissions

Between $4 (173/40) and $8 (17321)

Le. weighted average of current emissions per capita by region, where weights correspond to
proportions of all expected reduced births.
'

FIGURE 3
MARGINAL COSTS OF C02 REDUCTION: CARBON
TAX AND SPENDING ON FAMILY PLANNING
MARGINAL COST/TAX RATE
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Appendi Tabb: Population Projections for Selected Countries. Regions
and Years

1985

2000

1,048

1,294

China
Standard
Rapid

Difference

2050

Difference

2100

Difference

2150

1,764

1,854

28

1,886

1,285

1,741

1,826

1,857

1,007

1,600

1,791

1,856

992

1,495

1,649

1,707

724

2,020

2,751

2,923

692

1,321

1,557

1,646

526

849

930

950

516

780

862

880

1,447

1,493

1,355

1,398

Differenoe

India
Standard

765

Rapid
SubSaham

Africa
Standard

455

Rapid
Latin

America
Standard

400

Rapid

Other
Asia
Standard

624

Rapid

820

13

807

1,308

67

1,241

Middle
Eas

N. Africa
Standard

372

Rapid

TOTAL

3,664

570

22

548

Note: Difference is standard minus rapid.

101

1,390
989

401
____1,124

1,364

1,817

693
___

2,217

1,901
1,165

736
___

2,356
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